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Section H: [2.1 - 2.7] - Exam 1 Overall (Checkpoints) (125 Marks)

G-OONTOURE DUCATION VCE Methods % Questions? Message +61 440 138 726

Question 69 (4 marks)

Inspired from VCAA Mathematical Methods ¥ Exam 2016
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2016/2016 MM 1-w.pdf#page=3

cos(x)
x242"°

a. Lety =

. dy
Find = (2 marks)

. Marks 0 1 2 Average
% 11 33 56 15

dy _ sin(x) v’ +2)  2xcos(x)

dx (x* +2)

Most students were able to confidently apply the quotient rule. However, many students did not
obtain full marks due to errors caused by, for example, a denominator of x* +4 as the supposed

expansion of [ X"+ 2] . Students should very carefully consider the placement and usage of

brackets. For example. the expression x° + 2 x—sin(x) is not equivalent to{ x* + 2)x —sin(x)

b. Let f(x) = x2e>*.

Evaluate f'(1). (2 marks)

Marks 0 1 2 Average
% 13 18 89 16
[(x)=2xe¢’" +5x°¢”’
f'()=7¢

This question was well answered. Most students comrectly identified the product rule but did not
evaluate (as instructed) or their answers were incomplete. An incorrect combination of the product
and chain rule resulted in an answer of 10xe¢’* as a common error.
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Question 70 (3 marks)

Inspired from VCAA Mathematical Methods ¥ Exam 2016
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2016/2016 MM 1-w.pdf#page=4

Let f: (—00,%] — R, where f(x) = V1 — 2x.

a. Find f'(x). (1 mark)

Marks 0 1 Average
% 31 69 0.7
1
f(x)=-
’ 1-2x

Most students utilised the chain rule on an expression involving a fractional exponent. However,
many students then missed the negative sign in the final answer, forgetting that the derivative of
(1-2x) is -2,

b. Find the angle 8 from the positive direction of the x-axis to the tangent to the graph of f at x = -1, measured
in the anticlockwise direction. (2 marks)

Marks 0 1 2 Average
%o 42 39 20 0.8
i 1
tand = f(-1)=—-—
A NG
0= SE or 150°
6

This question was not answered well. Many students who knew the connection between tan(&)
and f'(—1) had difficulty in finding the required angle. Students should know the exact values of

circular functions in all quadrants. Many students incorrectly assumed that gradient = f(—1)or

wasted time finding the equation of the tangent.
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Question 71 (2 marks)

Inspired from VCAA Mathematical Methods ¥ Exam 2016
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2016/2016 MM 1-w.pdf#page=10

Let f: [—m, ] = R, where f(x) = 2sin(2x) — 1.

Calculate the average rate of change of f between x = — g and x = %

Marks 0 1 2 Average SERE

% 37 31 32 1

WB-D-(—3-1)
Z_('_Z" I
6 3)

Average rate of change =

Vg
Most students used the correct gradient rule but erred when evaluating, particularly / (‘ ;) orin

dealing with fractions in the denominator. A few students confused average rate of change with —
average value, and some incorrectly found the average of derivatives.

Question 72 (4 marks)

Inspired from VCAA Mathematical Methods ¥ Exam 2017
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2017/2017MM1-w.pdf#page=3

a. Letf:(—2,0)->R,f(x) =*

x+2°

Differentiate f with respect to x. (2 marks)

Marks 0 1 2 Average
% 12 19 69 1.3
£ (x+2)x1-xxI 2
X)= > = 3
(x+2) (x+2)

This question was well handled. Students choosing to use the quotient rule tended to progress
better than those using the product rule. Some very poor algebraic slips were made. The most
common was ‘cancelling’ x + 2 in the numerator with x + 2 in the denominator. Others
unnecessarily expanded (x + 2)° and did so incorrectly.
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b. Letg(x) = (2 —x3)3.

Evaluate g'(1). (2 marks)

Marks 0 1 2 Average

% 14 21 66 1.1
g'(x) = 3(2 —x7)* x (—3x%)
g'(1)=-9(2-1)%=-9

Students competently applied the chain rule; however, some erred with the derivative of (2 — x¥)?,
especially with negatives. Some students opted unnecessarily to take the longer route by (often
incorrectly) expanding the rule given by g. Others forgot to evaluate g'{l}.

Question 73 (3 marks)

Inspired from VCAA Mathematical Methods % Exam 2018
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2018/2018MM1-w.pdf#page=3

a Ify=(=3x%+x% — 64)°, find 2. (1 mark)

Marks 0 1 Average

% 42 58 0.6

% = 3(—9.\’: - Zx)(—.?.\" +x° —(14):

Students generally recognised the need to deploy the chain rule; however, a significant number of
students could not be awarded the mark. Poor use of brackets (or lack of brackets) resulted in an

incorrect expression. For example, the expression 3( =3x* +x° —()4)" ( -9x" +2x) is not equivalent to

3(—3x3 +x°—64 )1 —9x” + 2x. Transcription errors (especially with exponents) and arithmetic errors

with unnecessary expansions were also observed.
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b. Letf(x)=

ex

cos(x)’

Evaluate f' (). (2 marks)

Marks 0 1 2 Average
% 10 39 51 14
£(x)= e cos(:\‘):e“ sin(x)
cos’(x)
[(x)=-¢"

Students competently applied the quotient rule; however, many were unable to carry out the
required evaluation, often omitting it completely. Students who opted to use the product and chain
rules tended to make little progress due to confusion with negative signs or negative exponents.
Students should take care with legibility, for example, to distinguishing clearly the variable x and

the constant .

Question 74 (4 marks)

Inspired from VCAA Mathematical Methods % Exam 2019
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2019/2019MM1-w.pdf#page=3

Let f: (5, 0)

a.

1
3x—1"

=R f(x) =

i. Find f'(x). (1 mark)

Marks 0 1 Average
% 33 67 0.7
. -3
T(x)= -
S (3x-1)

The majority of students correctly applied the chain rule. Errors were generally arithmetic in nature
or with the negative exponent.

ii. Find an antiderivative of f(x). (1 mark)

MM34 [2.0] -

Marks 0 1 Average
% 50 50 0.5

(i« [l

There were various ways of expressing the anti-derivative, with the above being the most common.
The most common error was placing a constant of 3 or 1 (rather than G)} in front of the log

expression. Students should note that they could easily verify their answer by using the chain rule
to differentiate their answer, and checking whether or not this derivative was in fact the rule for f.
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. _ __ sin(mx)
b. Letg:R\{-1} >R, g(x) = —
Evaluate g'(1). (2 marks)

Marks 0 1 2 Average
% 12 39 50 14

(x+1)(7cos(mx))—(sin(7zx))x]

(x+1)°

g'(x)=

2R

Hence g'(1)=-

Though generally well handled, poor placement of, or lack of, brackets when using quotient rule (or
the combination of product and chain rules) led to errors in evaluation. Other errors included the
misconception that cos(m) = 1 or misquoting the relevant differentiation rule (which is listed on the
formula sheet).

Some students did not answer the question in its entirety (i.e. completely forgetting to evaluate

g'(1)).
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Question 75 (4 marks)

Inspired from VCAA Mathematical Methods % Exam 2019
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2019/2019MM1-w.pdf#page=9

The graph of the relation y = v1 — x2 is shown on the axes below. P is a point on the graph of this relation, 4 is
the point (- 1, 0) and B is the point (x, 0).

y= V-2 Py

A B
(-1, 0) G, 0)

a. Find an expression for the length PB in terms of x only. (1 mark)

Marks 0 1 Average
% 42 58 0.6

PB=A1-¥¢

Though mostly well done, some students left their answer as an incorrect and unsimplified form of
the distance formula.

b. Find the maximum area of the triangle ABP. (3 marks)

Marks 0 1 2 3 Average
% 41 33 15 11 1

A(x) = -;—(x +1) (V1-x2)
— VS =%<(l Xyl=x2)+(x+1)x(1 —xz)‘%x(—Zx))

A'(x)=0,'z—-%=OSosolve2xz+x—l=0
NerT

Maximum Area : A G) = %ﬁ

The majority of students used calculus to solve this problem. Some students used geometry and
trigonometry to obtain a correct solution. Most students managed to find an expression for the area
in terms of x. Many of those who used calculus found the differentiation of the expression difficult,
generally as a result of poor setting out, particularly with lack of brackets, or dealing with negative
terms. Students are encouraged to practice differentiations involving combinations of product and
chain rules.
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Question 76 (9 marks)

Inspired from VCAA Mathematical Methods % Exam 2019

https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2019/2019MM1-w.pdf#page=12

Consider the functions f:R - R, f(x) =3 +2x —x?and g:R — R, g(x) = e*.

a. State the rule of g(f(x)). (1 mark)

b. Find the values of x for which the derivative of g(f (x)) is negative. (2 marks)

Marks 1 Average
% 94 1
32x-x7
g(f(x)=e""
This question was done well.

Marks

0

%

59

19

22

Average

0.7

Let a(x) = g(f(x))

f.i'f.l':lz(z_z_‘_.}eh:..,:

H(x)>0 when (2-2x)>0

The required set of values is (1, ) orx > L.

Students generally applied the chain rule to find the derivative; however, poor expression resulted
in incorrect answers. The expression (2 — 2x)e?*2*~*" js not equivalent to 2 — 2xe3+2*~** Some
students did find the correct answer; however, it was not supported by correct reasoning.

c. State the rule of f(g(x)). (Lmark)

Marks

0 1

%

14 86

Average
0.9

F(g(0)=3+2¢ (&)

This question was done well. Some students incorrectly stated f(g(x)) = 3 + 2e* — e*?.

d. Solve f(g(x)) = 0. (2 marks)

Average
1.2

(B3-e)l+e")=0

Hence x=log (3) since e* > 0

Marks 0 1 2
% 34 19 48
3+2e" e =0

Most students were able to form a quadratic equation. Some students faltered with the correct
factorisation. The inclusion of x = |°Ec-( —1)was a common error.
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e. Find the coordinates of the stationary point of the graph of f (g (x)). (2 marks)

| | marks 0 1 2 Average
-] % 42 28 30 09
- 2e"(1-€")=0

g'=1 =x=0

Thus the stationary point is at(0, 4)

derivative and omitting the y-coordinate of the stationary point.

| This question was well attempted but not so well done. Common errors included an incorrect |

f.  State the number of solutions to g(f(x)) + f(g(x)) = 0. (1 mark)

Marks 0 1 Average
% 81 19 0.2

This question was not well done. Few students attempted to draw a rough sketch of each equation
and use addition of ordinates.

g(f(x)) + f(g(x)) = 0 has exactly one solution. —
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Question 77 (3 marks)

Inspired from VCAA Mathematical Methods ¥ Exam 2020
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2020/2020MM1-w.pdf#page=3

a. Lety = x?sin(x).

. d
Find 22. (1 mark)

—— S |n ‘1 |Average .
% 14 86 09

dv . 3
—=2xsin(x)+ x cos(x)
dv

This question was well answered. Most students competently and confidently applied the product rule.

b. Evaluate f'(1), where f:R - R, f(x) = eX’—x+3, (2 marks)

Marks | ] ‘ 1 ‘ 2 ‘ Average

% 20 2 60 14
F(x)=(2x-1) ™
fih=€

— | Students applied the chain rule; however, too often the lack of brackets resulted in an incorrect answer: for|—

example, (2x-1)e" "7 #2x—le" 77
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Question 78 (8 marks)

Inspired from VCAA Mathematical Methods ¥ Exam 2020
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2020/2020MM1-w.pdf#page=10

Consider the function f(x) = x? + 3x + 5 and the point P(1,0). Part of the graph of y = f(x) is shown
below.

\/

< Ovﬂ > X

a. Show that point P is not on the graph of y = f(x). (1 mark)

Marks | 0 ‘ 1 ‘ Average
T 15 85 09

F1)=1+3x145=9=0 —
Alternatively, x=Ly=9=0

There were several ways to complete this question. Most students chose to show that the point (1, 0) was
not on the graph through the use of substitution as indicated above. This was a ‘show that’ question, so
those students who simply stated f(1) = 9 without explaining the relevance of this were not awarded the
mark, Some students found the discnminant of the quadratic to be negative or simply stated it was negative
without evidence but did not relate this fo the question.
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b. Consider a point Q(a, f(a)) to be a point on the graph of f.

Find the slope of the line connecting points P and Q in terms of a. (1 mark)

Marks | 0 | 1 | Average

— Y filay=2a+3

% 48 52 05
a +3a+5s
a-1

Many students wrote down an expression for gradient but went no further. Some students made algebraic

errors, in particular cancellations of '’ or dealing with negative coefficients.

Find the slope of the tangent to the graph of f at point Q in terms of a. (1 mark)

Marks | 0 ‘ 1 ‘ Average
% 3 67 07

Most students recognised that an evaluation of the derivative was required. Some students incomectly
assumed the guestion required the equation of the tangent at x = a.

Let the tangent to the graph of f at x = a pass through point P.

Find the values of a. (2 marks)

Marks ‘ 0 | 1 | 2 | Average

% 56 14 kil 08
I (ﬂ} =m Alternatively find the equation of the tangent:
a +3a+5 y- fla)=(2a+3)x-a)

(2a+3)=—"— .

a-1 y=(2a+3)(x-a)+(a +3a+35)
a -2a-8=0 Since tangent passes through (1.0)
a=4,-2 a’'-2a-8=0

a=4,-2

Students who equated gradients tended to score more highly. Many of those who used the ‘equation of the

tangent’ method could not form the correct quadratic equation.

Give the equation of one of the lines passing through point P that is tangent to the graph of f. (1 mark)

Marks | 0 ‘ 1 ‘ Average
%o [ 29 03

IFx=-2,f(-2)=-1 so y=l-x
If x=4, f(4)=11 so y=1lx-11

The most common error was students assuming that their value of "o’ was the gradient of the line instead of
substituting into f'(a).
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c. Find the value, k, that gives the shortest possible distance between the graph of the function of y = f(x - k)
and point P. (2 marks)

Marks ‘ 0 | 1 2 | Average
% a7 3 10 0.2

The turmning point occurs at x = _3 andis a minimum

&

Translate fx) 2.5 units in the positive x direction so that the turning point is directly above (1,0).
Thus k =2

Many students used the distance formula and then attempted to differentiate and equate to zero (often with
limited success due to error in differentiation or algebra). Students who used a geometric approach tended to
score more highly.

Question 79 (3 marks)

Inspired from VCAA Mathematical Methods ¥ Exam 2021
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2021/2021MM1-w.pdf#page=2

a. Differentiate y = 2e-3* with respect to x. (1 mark)
Marks | 0 | 1 | Average
%o 13 a7 09

—6e™ or — %
o

This question was well answered. Most students accurately and confidently applied the chain rule and knew
how to differentiate the exponential.

b. Evaluate f '(4), where f(x) = xv2x + 1. (2 marks)

Marks |o ‘1 |z ‘Avamga
% 0 |28 |43 |12

3x+l 1 13

f'{:-")zm ; f’{4)=43=?

Students generally handled this question well, applying the product rule to give the derivative. A common
error was not differentialing the 2x within the \2x +1 . The evaluation of the derived function involved
evalualing square roots and this caused problems for some.
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Question 80 (3 marks)

Inspired from VCAA Mathematical Methods ¥ Exam 2022
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2022/2022MM1-w.pdf#page=3

— 2
a. Lety = 3xe**. ks |u | ; |.0.\rerage

% 3 B3 07

. dy
Find e (1 mark) e 2307
This question was well attempted; however a number of students wrote 3x2e?* + 3¢ as their final answer
This was an incomplete answer, as the term 3x2e> needed to be written as 6xe®*. Some students did not
use the product rule that was required. Many students chose to factorise their answer and in doing so
factorised incorrectly. It is important to note that there was no requirement to express the answer in
factonsed form. If students further engage with their answer, and the final response is incorrect, even if a
correct answer has been previously written, full marks cannot be awarded.

cos(x)
ex '

b. Find and simplify the rule of f'(x), where f:R - R, f(x) = (2 marks)

—¢" -zin(x)— & -cas(x)

£l =

e.:
- 7(51}" (%) + cas(x)) or —& ™ (sin(x)+ cos(x))
€
Students generally responded to this question well, applying either the product rule or quotient rule to obtain
the derivative. Some students did not demonstrate an understanding of what was required to simplify the
expression. Some studenls cancelled only one of the & terms.
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Question 81 (4 marks)

Inspired from VCAA Mathematical Methods % Exam 2023
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2023/2023MM1-w.pdf#page=3

x%—x

a. Lety=

eXx

Find and simplify Z—Z. (2 marks)

d e (2x-1)-e*(x?-x)

dx 22\'
d  x*+3x-1  —(x? -3x+1)
& e or e or (=% +3x-1)e™

This question was well attempted and required students to use either the product rule or quotient rule to find
the derivative. The question required students to simplify their answers. Many students simplified the
quadratic component but left the exponential terms unsimplified. Some students did not use brackels around

terms and subsequently did not comrectly develop the signs of terms, or collect ‘like terms’. For example,

b. Let f(x) = sin(x) e?*.

Find £’ G) (2 marks)

3
-~ +x-1
. was a common incorract response.
e

Students generally responded to this question well. The question required students to use the product rule to
differentiate and then evaluate the derivative at x =—_ There was no requirement to give the answer in a

4
particular form. Some students did not demonstrate an understanding of how to differentiate e 2*  comectly

and produced responses that had a combination of ¢2* and ¢* terms. Some students presented

responses indicating that they did not know how to arnthmetically engage with the surd terms in their answer.
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Question 82 (6 marks)

Inspired from VCAA Mathematical Methods % Exam 2023
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2023/2023MM1-w.pdf#page=12

The shapes of two walking tracks are shown below.

4

P

Track 1 is described by the function f(x) = a — x(x — 2)2.

Track 2 is defined by the function g(x) = 12x + bx2.

The unit of length is kilometres.

a. Giventhat f(0) = 12and g(1) =9, verifythata = 12and b = —3. (1 mark)

Marks | 0 | 1
% 10 a0 09

| Average

Loa=12

Lb=-3

f(o)=a-o0(0-2)" =a-0=12, f(0)=a

g(l) =12x1+bx1? =12+b=

9

This question was frequently attempted successfully. Most students knew that in order to “verify’ the values
they needed to show working to support this.

b. Verify that f(x) and g(x) both have a turning point at P.

Give the co-ordinates of pP.| === 1%

—————

J)=12-x(x-2)*

= —x? +4x? —4x +12

S(0=—(3*-8x+4)

S2) =3¢ -8()+4) =0

g(x)=12x-3v* oR

g'(x)=12-6x

2'(2)=0

Maxima of the graph; either use for g

f2)=12-0-12

(212)

gln=12¢- 3

=-3¢ +12v

Tuming point at

\_7—67—1173
2a 6

This question required students to verify that both f{ x)and g(x) have a tuming point at P. It was not

sufficient 1o assume by inspection that the racks mel al P. Some students misinterprated the question and

solved ﬂ .\'} =g(x ] ; they stopped short of showing that the point of intersection was a tuming point for

both curves. Emmors were invohved in expanding the brackets of f(x) and finding f (x) . Some students

just showed that g( X )had a lumning point al x = 2 not addressing the tuming points of f(x) . Some
students incomectly used the product rule to differentiate f(x) and gave f'(x)= x (x =2)?. Most

MM34 [2.0] - AOS 2 Revision - Contour Check (

students were successiul in finding the coordinates of P at (2,12).
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9

N

c. Atheme park is planned whose boundaries will form the triangle AOAB where O is the origin, A is at (k, 0)
and B is at (k, g(k)), as shown below, where k € (0,4).

Find the maximum possible area of the theme park, in km?2. (3 marks)

P

o B

Area of triangle:

1 2
A(x)=— = x = (12x-3x7)

Maximum area at A'(x) =0

, 9, 1 )
A(x) =122 - —x* = ‘[l-n' 9x<)=10
30
x4 — —x |—U
2
4 8
X = =
9
(s 1 8 81 3
Al =|=c==xl12[=]
Vi) 2 3 1)
1., 64
2-—|
3
1152 128
Bl ]

This quashion was not well attiempted. Those students who did complete the queshon generally were able fo

v 1 3 " 3 3
state the equation for the arsa of the tianoke as ether 4 (k)= - k(12k- 3"y or A k) = 6k- : k- or

an equivalsnt equation in terms of the variable ¥ . Many students were able to difsrentate to get
A'(k) = 0, aithough some students incormectly wrots this as 4'(x ) when the vanabla they wene using was

. PPy [ 24
& . Most students who were able to sove A"(k) = 0 found & = = orits squivalant, k = - Many
3 L

g 24
anthmehc mistakes occumad when students ned to substitute the valus of § = — of k= ~— inbo their
3 2

expression of A (& o find the maximum areas
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Question 83 (3 marks)

Inspired from VCAA Mathematical Methods % Exam 2024
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2024/2024MM1-w.pdf#page=2

a. Lety = e*cos(3x). Marks | 0 | 1 ‘ Average

% 18 52 0.8

Find 5% (1 mark) |~
E =¢" cos(3x) — 3e" sin(3x) = " (cos(3x) - 3sin(3x))

This question was well attempted and required students to use the product rule to find the derivative. Many
students did not tidy up the negative signs in their answer and left their answer as
e cos(3x)+—3e" sin(3x) or €' cos(3x)+e" — 3sin(3x)  Some students did not use brackets around

terms and this had the potential to be misinterpreted. Some students altered the argument of the sine term
and wrote €'c0s(3x) —3e'sin(x).

b. Let f(x) =log,(x3 — 3x + 2).

Find f'(3). (2 marks)

, -3 1 2

[ =T D or ——+ }
ARy i e B R TN
, 337 -3

=
A 3 -3(3)+2

24 6

T2 s

This guestion was well attempted and required students to use the chain rule to find the denvative then
evaluate the denvative at x = 3. Some students did not correctly execute the chain rule and omitted the
numerator. Some students did not put brackets around the quadratic term; this created ambiguity in their
solution process with the evaluation of the derivative at x = 3 _ A correct answer must emerge from correct

working.
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Question 84 (9 marks)

Inspired from VCAA Mathematical Methods ¥ Exam 2024
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2024/2024MM1-w.pdf#page=8

Part of the graph of f: [—m, ] - R, f(x) = sin(x) is shown below.

0 i é n

3 3

a. Use the trapezium rule with a step size of g to determine an approximation of the total area between the graph
of y = f(x) and the x-axis over the interval x € [0, r]. (3 marks)

Kay vahues for this question wera

x Jixy This queston required thal stedents wse thres regaziums lo approximale he anes bebwesn the cume and
0 ] her x-aaxiss owier Thiz inlereal |Il. X |, o o thae trapesium rube. Therefore, any allempl o calculate this ames
- 3 w3 using indegral caleulus was mod acceplable. ARough many Shudents krew e rageaum mule, some sludents
3 i1 [ x \ x x .
ox | 25 43 2mds did o apply it comectly, afien wiing — | (0] + ] || fl |+ (x|, with the cosfcent 2
2r | 2m N3 2m3 e YR . J
‘ 6l 3 3 !
—_— 3 2 6
T | o me froen the midkda two larms. Soma sludents gave the formula as stated on the fommada shaat witl

values rebevant o the: question, howeeer, many did not proceed to calolate 77~} and (= comeciy 1
3 ]

15 empocted that students will have a way of rormembanng the axact valees of S0 6, cosd and tan & for T

values of @ between O jand ) inclusive, la===, .. a5 specilied in e key knowledge of ihe sudy
2 L& 2)

£ o R
design. While some shudents war abla 1o ideabfy the exact value of sin | = |and sin| — |, many did not

- 3
rmllipaly hese by = =T The anthnti: rranipulalion of factions and swds presented @ chalenges Tor
3 3

sspena shodents, wilh somue lesweng i arewer &5 Thee soem of Beo o Three separaie aca pans, instosd of
+3

2
cornbining therm inko & single larn. Olher errors included incomectly evaluating sin(™ ) a5 —
3
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Find f'(x). (1 mark)

sin(x)+ xcos(x)

Most students were able to apply the product rule appropriately. Students should be aware of the use of
notation when naming ther answer and use brackets to make their response cloar

Determine the range of f'(x) over the interval E%”] (1 mark)

Marks 0 | 1 Average
% B0 20 02

— Some students wore ablo to substitute values effectively here to attain the correct endpoints of the intorval.
Some students were careless with notation and omitted the brackets or wrote curved parentheses. Some

students, incomectly, reversed the order of the interval. Students are encouraged to use the graph as a
guide. A common incorrect answer was [0, 1]

Hence, verify that f(x) has a stationary point for x € E%”] (1 mark)

¥

B

N 13 & ] |
Since f(x) i1s continuous and X T c0and150 - £'(x)=0 at some point in the interval 133 J
2 3

3 =
hJ ——. 1
3

v |

Orsince f (x) i1s continuous and Range( /'(x)) = includes 0 . £ (x)=0 at some point in

the interval [ — -‘
: 3

-

¥

‘& A
, T 2T 3 . )
Or since f{\) is continuous and (=) = f(—) —| \,f_-_ IJ <0 .. f(x)=0 at soma pointin the
2 3 L2 3)

) [ 2x
interval LT

There were many ways students could use the values they found in Question Thii lo verify thal f(x)has a

i

—%} This question required students lo ‘hence, verify [...] so it was not

stationary point in the inlerval I _~.
appropnate to attempt to use a calculus technigue. Students are reminded that the word ‘verily’ means to
demonsirate or check the truth of a statement, so it was not sufficient to merely discuss the interval in terms
of genaral positive or negative tendencies without referring to specific values and showing the ‘chack’ had

been completed. Of the students who altained the comect interval in Cuestion 7b.n, many were able to

: I =x
provide a comect explanation. A common ermor was to not recognise —-— <10
2 3
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c. On the set of axes below, sketch the graph of y = f'(x) on the domain [, ], labelling the endpoints with
their coordinates.

You may use the fact that the graph of y = f’(x) has a local minimum of approximately (—1.1,—1.4) and a
local maximum of approximately (1.1, 1.4). (3 marks)

(r, =) )

MM34 [2.0] - AOS 2 Revision - Contour Check (Part 2) Solutions ‘ 94




G-OONTOU REDUCATION VCE Methods % Questions? Message +61 440 138 726

Question 85 (7 marks)

Inspired from VCAA Mathematical Methods ¥ Exam 2024
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2024/2024MM1-w.pdf#page=10

Let g:R = R, g(x) = Vx — k + m, where k € R\{0} and m € R.
Let the point P be the y-intercept of the graph of y = g(x).

a. Find the coordinates of P, in terms of k and m. (1 mark)

Marks | 0 |1 Average

% 39 61 06

/ 1
(0.m k) or| 0.~ &% +m |or (0.3~k+m)

Many students attaned the y value of the intercept, but did not correctly write the answer in coordinate form
with correct brackets. Some students demonstrated difficulties in dealing with a negative sign inside a cube

root, noling the odd nature of the function. Some students incorrectly wrole the radical sign as 3\’7 +m

and this often led o errors in later parls of Question 8

b. Find the gradient of g at P, in terms of k. (2 marks)

i |
or —k ¥, or or equivalent |
3k

There were many ways the answer could be expressed in this question and students were not required to

give their answer in a particular form_ Some students confused the process involved in this question using
1
intogration instead of differontiation, leading to answers that mvolvad an incorrect powor of —  Many

students calculated the g'(0) but mistakenly took the negative sign out, leaving their final response as

1
—  Some students did not manipulate or write the surds correctly
3k

c. Given that the graph of y = g(x) passes through the origin, express k in terms of m. (1 mark)

k=m

This question was well altempled
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d. Let the point Q be a point different from the point P, such that the gradient of g at points P and Q are equal.

Given that the graph of y = g(x) passes through the origin, find the coordinates of Q in terms of m. (3 marks)

Sp

There wera miany ways thal a rasponse Lo this guestion could be atlempled.
Method 1: Using denvatves in terms of k
g'ix) =g

1 I :

—(x—k) ¥ ==(-k)?

3 3

(x-k) 7 =(-k)

(x— k)" = (k)"

(x— k) = (=&Y’

x=k=1k

2k

x=00orzx

Then find v value as above
So O Inr, 2

O in lermns of w

£'(x)= ! T - I
kP 3(x-w')
0= ]_ - ’u]n'-
T
, 1 1
;- —

RERETE
T
"
a—m fF =m
X n.:—.u.l:
x=2m
. A |
gl2m )=2m" = +m
1
={m” | +m
m+m=2Im

‘. the required coordinates of @ | 2m°, 2m )

Method 2: Using symmedry of graph of glx)
(203, 20)
g = qs)

/

(e, w) —
Z 0 hY K

@

4

So Q{Emi, 2m)

Method 3: Using inverse

Inverse is g7 (x)=(x—m)’ + &

This has a point of inflection at (m, k).

The invarse must also pass through the ongin

By symmetry, the gradient at the ongin 15 equal to the gradient at x = 2w

= 3
£ 2my= (2m—mY +k
=nr +k

=2

Than swap x and ¥ values to get the coordinates of @ as @(2m, 2m)
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Question 86 (4 marks)

Inspired from VCAA Mathematical Methods % NHT Exam 2017
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2017/nht/2017MMJ1-nht-w.pdf#page=3

a. Lety=e?*cos (’2—6)

. ay
Find E' (2 marks)

dy_ 2e™ cn‘;'lpi\ - le’:" ﬁjﬂ|lf£\|

de 2) 20 \2)

Students are reminded to take care with notation, especially with the placement of negative signs
and brackets.

b. Letf:(0,m) - R, where f(x) = log,(sin(x)).

Evaluate f' (g) (2 marks)

by, cos(x)
f(x)= sin(x)
- .I'.I.'._L
/ [.T]'Ji
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Question 87 (4 marks)

Inspired from VCAA Mathematical Methods ¥ NHT Exam 2018
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2018/nht/2018MMJ1-nht-w.pdf#page=3

a. Letf(x)=

e
(x2-3)’

Find f'(x). (2 marks)

) {.‘r: 3)e’ e“ (2x)
(x*=3)
e {.1': ]
(+-3)
Use of the quotient rule was the most straightforward method.

b. Lety = (x+ 5)log.(x).

Find Z—z, when x = 5. (2 marks)

dy x+5

'_‘_IUEC_I_\-)1L

dx x

Atx=35, lLlT=Iug (5)+2
dx :

Students are reminded to take care with notation when dealing with logarithms.
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Question 88 (4 marks)

Inspired from VCAA Mathematical Methods % NHT Exam 2019

https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2019/NHT/2019MM1-nht-w.pdf#page=3

2e%%-1

eXx

a. Lety=

. dy
Find o (2 marks)

dy
y=2"—e”*so —=2" +e™

dx
dy 4ée" —(2e* -1)e* 2e* +eé
Or == (r - ¥ -
dx (') e

(quotient rule)

Some students used a combination of product and chain rules.

b. Let f(x) = x? cos(3x).

Find £’ (g) (2 marks)

e 2z
.f(ﬂ:—T

f'(x) =2xcos(3x) - 3x" sin(3x)
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Question 89 (8 marks)

Inspired from VCAA Mathematical Methods % NHT Exam 2019
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2019/NHT/2019MM1-nht-w.pdf#page=6

A function g has rule g(x) = log,(x — 3) + 2.

a. State the maximal domain of g and the range of g over its maximal domain. (2 marks)

g(x) = loge(x-3) + 2

Domain: x = 3 or (3,=)
Range: R

i. Find the equation of the tangent to the graph of g at (4, 2). (2 marks)

1
x—3

— 1g'(x)=

Using g(4)=2 and g'(4)=1 the tangentis y =x—2

ii. On the axes on page 7, sketch the graph of the function g, labelling any asymptote with its equation. Also
draw the tangent to the graph of g at (4, 2). (4 marks)

4
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Question 90 (4 marks)

Inspired from VCAA Mathematical Methods ¥ NHT Exam 2021
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2021/NHT/2021MM1-nht-w.pdf#page=4

a. Find the derivative of e—zx. (2 marks)
2x+1

The most efficient method is direct use of quotient rule.

S— 2e7(2x 4+ 1) —2e**  4xe®™ L
(2x + 1)? C(2x+1)?

Alternatively, the combination of chain and product rule could be used.

b. Letf:R - R, f(x) = sin*(2x).

Evaluate £’ (%) (2 marks)

f'(x) = 4sin®(2x) x 2 cos(2x) = 8sin®(2x) cos(2x)

)
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Question 91 (5 marks)

Inspired from VCAA Mathematical Methods ¥ NHT Exam 2021
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2021/NHT/2021MM1-nht-w.pdf#page=10

Let q:[0,4] - R, q(x) = x(4 — x).

A rectangle ABCD is inscribed between the graph of the function g and the x-axis. Its vertices are a units, where
a > 0, from the axis of symmetry, x = 2, as shown below.

4
N
(2-4aq(2-4a) (2 + 4, 4(2 + &)
D &
q'
¢ O z 2 % 4 4
L (@2-40) (2 +4,0

a. Find the value of a when the rectangle is a square. Give your answer in the form b + +/c, where b is an integer
and c is a positive integer. (2 marks)

2a=¢q(2+a)

a‘+2a—-4=0

a=—1+45
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b. Find the maximum area of the rectangle ABCD. Give your answer in the form mT‘/ﬁ, where m,n and p are

positive integers. (3 marks)

Area = A = 2a x q(2 4+ a) = 8a — 2qa°

=8—6a"=0

da

Max when a = Li
%

2 4 8 3243
A (—) ==Xz =

Many students forgot to find the maximum area.
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Question 92 (7 marks)

Inspired from VCAA Mathematical Methods % NHT Exam 2021
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2021/NHT/2021MM1-nht-w.pdf#page=12

below.

S

a. Find f'(x). (1 mark)

The graph of f:[0,4] - R, f(x) = x(2 — v/x) and part of the graph of g : [0,00) — R, g (x) = 2x are shown

flx)=2-

b. The tangent to the graph of f at the point B(b, f(b)) is perpendicular to the graph of g.

Find the coordinates of B. (3 marks)

Vx

flx)=2-

B3| Ead

25 25

[9'2?
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c. Show that the graphs of f and g intersect only at the origin. (1 mark)

2x=2x—x2 =>x=10

Some students did not apply the null factor law appropnately.

d. LetQ (q,2q), where g > 0, be a point on the graph of g.

The tangent to the graph of f at the point D(d, f (d)) passes through Q, as shown below.

3
Q(q, 2¢)
9
.F
D (4, #(4)
¢ 0| 4

It can be shown that d = 3q.

Determine the values of g for which the tangent to the graph of f passes through Q and has an x-axis intercept

greater than 4. (2 marks)

f’[x]z{]when;r:%

c 16 4
q [ﬁ'ﬁ
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Question 93 (3 marks)

Inspired from VCAA Mathematical Methods ¥ NHT Exam 2021
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2021/NHT/2021MM1-nht-w.pdf#page=14

A differentiable function f : R — R has the following two properties:

P () =f0)(4 - ().
» The range of f is (0,4).

a. Find f'(0) if £(0) = 1. (1 mark)

— (O =f(0)4—-f(0))=1(4—-1)=3—

b. Determine, with appropriate justification, the number of stationary points of the graph of f. (1 mark)

g = f(x) has zero stationary points, because:

f' # 0 for all x since f' = 0 only when f = 0 or 4.

ButRanof f €(04)

c. State the range of f'. (1 mark)

The commect answer is (0,4].
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Question 94 (3 marks)

Inspired from VCAA Mathematical Methods ¥ NHT Exam 2022
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2022/NHT/2022mm1-nht-w.pdf#page=3

a Ify = sin(x? + 1), find 2. (1 mark)

This question involved the chain rule for differentiation. A common error included writing a 2 rather than 2x.

2xcos(x® + 1)

b. If f(x) = x%log,(x), find f'(e). (2 marks)

This question involved the product rule for differentiation.

students are reminded to use the notation given to name the derivative
f'(x) = 2xlog,(x) + x

f'(e)=2elog,e+e

f'(e) =3e
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Question 95 (4 marks)

Inspired from VCAA Mathematical Methods ¥ NHT Exam 2024
https://www.vcaa.vic.edu.au/Documents/exams/mathematics/2024/NHT/2024MM1-nht-w.pdf#page=2

a. Lety = xe**1,

Find and factorise %. (2 marks)

— presentad in a factorised form.

a = (2x)xe™ 7V + &

dy

This question involved using the product and chain rules for differentiation. The answer was required to be

. o s 1. iy _
=[2.1*+1}e=.'[‘ Y or 2(.\'“+?)E’[" -

x3
b. Letf(x)= Tog. )"

Evaluate f'(x) at x = e. (2 marks)

evaluate the dervative at ¥ = ¢

3 31
3x‘log,x —x" —

This question involved using either the quotient or product rule for differentiation. Some students did not

1

x) = A
S5
(3log, x — )’ - 3y
= —— or ——
(log, x)° (log, x)° log x
Atx=e
3log e 1)
fx)= (loge” e 3)
(log, ¢)
= zi =2¢°
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